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DESCRIPTION 

MOTOR DRIVE INVERTER CONTROL APPARATUS 

5 Field of the Invention 

The present invention relates to motor drive inverter control apparatuses 
to be mounted in compressors or blowers used in refrigerating or 
air-conditioning systems such as refrigerators or air conditioners. 

10 Background of the Invention 

An inverter control apparatus for driving a motor mounted in a 
compressor or a blower used in a refrigerating or an air-conditioning system 
generally has the following structure- AC power fed into a refrigerating system 
undergoes full-wave rectification in a rectifier circuit, and passes across a 

15 smoothing capacitor having a great enough capacitance and being hooked up 
between output terminals. This structure allows driving an inverter with a 
DC power supply having a small ripple content, and also absorbing 
regenerative energy which is produced when the motor stops or slows down, so 
that an over-voltage can be prevented. 

20 In recent years, smoothing capacitors have been targeted to substantially 

reduce their capacitance in order to downsize the motor drive inverter control 
apparatuses. The related art is disclosed in, e.g. Japanese Patent Unexamined 
Publication No. 2002 — 51589. The conventional motor drive inverter control 
apparatus is described hereinafter with reference to the drawings. Fig. 6 

25 shows a block diagram illustrating a motor drive inverter control apparatus 
that employs a conventional capacitor having small capacitance. 

As shown in Fig. 6, the conventional motor drive inverter control 
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apparatus has the following mechanism: The power fed by AC power supply 1 is 
received by rectifier circuit 2, of which output is coupled to smoothing capacitor 
3, and capacitor 3 has a small enough capacity as smaller as 1/100 those of 
conventional ones. 

5 Inverter 4 is formed of 6 pieces of switching elements (including reversed 

diodes) coupled together into a three-phase bridge, and coupled in parallel to 
smoothing capacitor 4. Motor 5 generally employs a brush-less motor, and 
three-phase windings are provided to its stator. Respective ends of the 
three-phase windings are coupled to an output of inverter 4. 

10 Control circuit 7 is hooked up to the inverter control apparatus such that 

it receives information including voltage "v" of AC power supply 1, current "idV 
of a DC section, output current "ia", "ib" and "ic" of inverter 4, and rotational 
position 9 of motor 5 obtained by position detecting means 6. Control circuit 7 
controls the gates of inverter 4 by inputting the information thus obtained such 

15 that the motor can be driven optimally. 

If control circuit 7 damps the operation of motor 5, regenerative energy 
flows into the power supply via the diodes inversely hardwired. At that time, 
since smoothing capacitor 3 has a small enough capacity, it cannot fully absorb 
the regenerative energy. As a result, the power supply voltage rapidly rises, 

20 and an over-voltage sometimes degrades respective driving elements. 

Disclosure of Invention 

The present invention addresses the problem discussed above, and aims 
to provide a motor drive inverter control apparatus that can prevent respective 
25 driving elements from degrading although the apparatus includes smoothing 
capacitors having smaller capacitance values. The degradation is caused by an 
over-voltage due to regenerative energy of the motor. 
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The motor drive inverter control apparatus of the present invention 
comprises the following elements- 

a rectifier circuit for rectifying an AC power supply; 
an inverter circuit driven by an output from the rectifier circuit; 
5 a motor driven by an output from the inverter circuit; 

a first capacitor coupled in parallel to the output of the rectifier 

circuit; 

a second capacitor coupled in parallel to the first capacitor via a 

diode; 

10 a control power supply circuit coupled in parallel to the second 

capacitor; and 

a control circuit driven by the control power supply circuit, for 
controUing the inverter circuit. 

The foregoing structure allows the first and the second capacitors to 
15 absorb regenerative energy produced by the motor at its slowdown or halt, so 
that respective driving elements are prevented fi'om degrading, and also a 
downsized and inexpensive apparatus is obtainable. 



Brief Description of Drawings 
20 Fig. 1 shows a block diagram illustrating a motor drive inverter control 

apparatus in accordance with a first embodiment of the present invention. 

Fig. 2 shows a timing chart illustrating a voltage waveform of a first 
capacitor used in the first embodiment. 

Fig. 3 shows characteristics of a load current, a momentary minimum 
25 voltage, and a ripple content 

Fig. 4 shows characteristics of respective voltages across a first and a 
second capacitors in accordance with the first embodiment. 
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Fig. 5 shows a block diagram illustrating a motor drive inverter control 
apparatus in accordance with a second embodiment of the present invention. 

Fig. 6 shows a block diagram illustrating a conventional motor drive 
inverter control apparatus. 
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Descriptions of Reference Marks 

11 AC power supply 

12 rectifier circuit 

13 first capacitor 
10 14 inverter circuit 

15 motor 

17 control circuit 

18 control power supply circxiit 
21 diode 

15 22 second capacitor 
23 discharging load 

Description of Preferred Embodiments 

Embodiments of the present invention are demonstrated hereinafter with 
20 reference to the accompanying drawings. 
Embodiment 1 

Fig. 1 shows a block diagram illustrating a motor drive inverter control 
apparatus in accordance with the first embodiment of the present invention. 
Fig. 2 shows a timing chart illustrating a voltage waveform of first capacitor 13 
25 used in the fijcst embodiment. Fig. 3 shows characteristics of a load current, a 
ripple content, and a momentary minimum voltage. Fig. 4 shows 
characteristics of respective voltages across fixst capacitor 13 and second 
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capacitor 22 in accordance with the first embodiment. 

The motor drive inverter control apparatus shown in Fig. 1 has the 
following structure* 

AC power supply 11 is rectified by rectifier circuit 12, and smoothed 
5 by first capacitor 13, then the resultant DC power supply is fed into inverter 
circuit 14. Inverter circuit 14 is formed of switching elements Ql, Q2, Q3, Q4, 
Q5 and Q6 coupled to each other into a three-phase bridge and flywheel diodes 
Dl, D2, D3, D4, D5 and D6. Those flywheel diodes are coupled in inversely 
parallel to the foregoing switching elements. Motor 15 has stator windings LU, 
10 LV and LW coupled together in a form of three-phase star, and respective ends 
of those windings are coupled to respective connection points of the switching 
elements coupled in series. 

Motor 15 is, in general, a brush-less DC motor, and has position detector 
16 for detecting a position of a rotor (not shown) which includes permanent 
15 magnets. This position detector usually employs three Hall elements. 

First capacitor 13 is coupled in parallel to a series circuit formed of diode 
21 and second capacitor 22. On top of that, second capacitor 22 is coupled in 
parallel to discharging load 23 (hereinafter referred to as a resistor). First 
capacitor 13 has a small enough capacity not to have a sufficient smoothing 
20 capability. 

Second capacitor 22 is placed in order to absorb regenerative energy and 
has a far greater capacity than first capacitor 13, and it has, in general, 100 
times or at least 3 times of the capacitance of first capacitor 13. The second 
capacitor employs, e.g. an electrolytic capacitor or a film capacitor. The 
25 electrolytic capacitor among others is preferable with respect to its smaller size, 
greater capacitance, and inexpensive cost. 

Diode 21 is hooked up in the circuit in order to run a current only from 
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first capacitor 13 to second capacitor 22. Resistor 23 works as a load for 
discharging the electric charges in second capacitor 22. 

Second capacitor 22 is coupled in parallel to control power supply circuit 
18, which is formed of a switching regulator or a DC/DC converter. Circuit 18 
5 lowers a voltage across the second capacitor and works as a power supply of 
control circuit 17 which controls inverter circuit 14. 

An operation of the foregoing motor drive inverter control apparatus in 
accordance with the first embodiment is demonstrated hereinafter. Control 
circuit 17 controls inverter 14 in response to the rotational position of the rotor, 

10 thereby driving motor 15. The rotational position has been detected by 
position detector 16. Motor current is commutated by 60** in electrical angles 
sequentially from winding LU to winding LV, from LU to LW, then from LV to 
LW, and from LV to LU, firom LW to LU, and from LW to LV, so that motor 15 is 
rotated in a given direction. The windings LU, LV and LW are coupled 

15 together in a form of three-phase star. This driving method is a well-known 
one, and referred to as three-phase 120"* powering method. There are two 
kinds of driving waveforms, i.e. a rectangular waveform and a sine waveform by 
PWM. The present invention can be applicable to either one of those 
waveforms. 

20 Suppose that motor 15 consumes only a Uttle energy, where AC power 

supply 11 is single-phase, lOOV and 50 Hz. A voltage across first capacitor 13 
is 141V smoothed as shown with mark "A" in Fig. 2, and an average voltage is 
also 141V, a ripple voltage is OV, and ripple content is 0%. The following 
formulas are applicable- ripple voltage (V) = momentary max. voltage (V) — 

25 momentary min. voltage (V). Ripple content (%) = [ripple voltage (V) / average 
voltage (V)] XlOO 

Motor 15 increases its consumption energy little by httle, which 
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consumes the electric charges in first capacitor 13, and the momentary min. 
voltage lowers as shown in Fig. 2 with reference mark "B". The momentary 
max. voltage determined by AC power supply 11 stays at 141V as it is. As 
mark "B" shows, the momentary min. voltage reaches to 40V, and an average 
voltage is approx. 112V, a ripple voltage is 10 IV, and a ripple content is 90%. 

Motor 15 further increases its consumption energy, then little electrical 
charges are stores in first capacitor 13, and the momentary min. voltage lowers 
almost to OV as shown in Fig. 2 with mark "C". The momentary max. voltage 
determined by AC power supply 11 still stays at 141V As mark "C" shows, the 
momentary min. voltage reaches to OV, and an average voltage is approx. lOOV, 
a ripple voltage is 141V, and a ripple content is 141%. As discussed above, 
since first capacitor 13 has a small capacity, taking out a load current from 
capacitor 13 results in a waveform where a full- wave rectification takes place 
over the cxirrent supplied fi:om AC power supply 11, and there is little 
smoothing. 

Next, relations among a load current, the momentary min. voltage, and 
the ripple content are detailed with reference to Fig. 3, in which the lateral axis 
represents a load current and the vertical axis represents the momentary min. 
voltage (scale on left side) and also the ripple content (scale on right side). The 
solid Hne shows characteristics of the momentary min. voltage, and the broken 
line shows characteristics of the ripple content. 

When the current waveform marked with "A" in Fig. 2 takes place, motor 
15 receives almost 0 (zero) ampere, and the momentary min. voltage is 141V, 
ripple content is 0%. When the current waveform marked with "B" in Fig. 2 
takes place, motor 15 receives 0.25A load current, the momentary min. voltage 
is 40V, ripple content is 90%. When the current waveform marked with "C" 
takes place, motor 15 receives 0.35A, the momentary min. voltage is OV, and the 
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ripple content is 141%. When motor 15 receives over 0.35A, the momentary 
min. voltage and the ripple content remain unchanged. 

Suppose that the motor drive inverter control appa.ratus in accordance 
with this first embodiment has the following practical range: input current to 
5 motor 15 is not less than 0.25A and not more than 1.3A. Within this practical 
range, first capacitor 13 is selected based on a small capacity and the ripple 
content always staying not less than 90%. 

Second capacitor 22, on the other hand, is coupled in parallel to first 
capacitor 13 via diode 21, so that the energy of second capacitor 22 is consumed 
10 only by resistor 23. If motor 15 consumes greater energy, the voltage across 
second capacitor 22 thus seems to be almost smoothed. 

Suppose that first capacitor 13 and second capacitor 22 have a withstand 
voltage of 450V. Then suppose that a regenerative action occurs, and if the 
apparatus has only first capacitor 13 as the conventional apparatus has, the 
15 voltage rises sharply as shown in Fig. 4 with conventional voltage waveform "a". 
The voltage exceeds 450 V which is the withstand voltage, and results in an 
over- volt age. 

In this embodiment, since first capacitor 13 is coupled in parallel to 
second capacitor 22 via diode 21, the voltage-rise due to the regenerative power 
20 does not exceed the withstand voltage. However, this circuit structure as it is 
has possibility that the voltage -rise exceeds the withstand voltage and invites 
an over-voltage if another regenerative action occurs, because the energy still 
stays there. 

In this embodiment, since resistor 23 is coupled in parallel to second 
25 capacitor 22, resistor 23 consumes the energy and the voltage lowers as voltage 
waveform "c" of first capacitor 13 including resistor 23 shows. As a result, the 
over-voltage can be prevented. 
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As discussed above, the motor drive inverter control apparatus in 
accordance with this first embodiment comprises the following elements ^ 

rectifier circuit 12 for rectifying the AC power supplied from AC 
power supply 11 into DC power; 
5 inverter 14 for converting the DC power obtained by rectifier circuit 

12 into AC power; 

motor 15 for receiving the AC power obtained by inverter 14; 
first capacitor 13 hooked up between DC bus Unes of inverter 14 and 
having extremely small capacitance; 
10 second capacitor 22 coupled in parallel to first capacitor 13 via diode 

21; 

control power supply circuit, coupled in parallel to second capacitor 
22, for converting a DC high voltage into a DC low voltage; 

control circuit 17, coupled to a lower voltage side of control power 
15 supply circuit 18, for controlling inverter 14; and 

resistor 23 coupled in parallel to second capacitor 22. 
The foregoing structure allows first capacitor 13 and second capacitor 22, which 
is coupled to first capacitor 13 via diode 21, to absorb regenerative energy, and 
resistor 23 to consume the regenerative energy. As a result, respective driving 
20 elements can be prevented from degrading caused by an over-voltage due to 
regenerative energy. 

Second capacitor 22 has little ripples, so that there is no need to worry 
about degradation due to the heat by ripples. Therefore, although first 
capacitor 13 has extremely small capacitance and ripple content higher than 
25 90%, the second capacitor can employ an inexpensive electrolytic capacitor, so 
that a compact and inexpensive motor drive inverter control apparatus is 
obtainable. This apparatus can prevent its driving elements fi-om degrading 
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caused by an over-voltage due to regenerative energy. Resistor 23 used in this 
first embodiment is hooked up to a higher voltage side of control power supply 
circuit 18; however, it can be hooked up in parallel to the lower voltage side of 
power supply circuit 18. 
5 Resistor 23 coupled to the lower voltage side of control power supply 

circuit 18 can be omitted, and control circuit 17 of inverter 14 can substitute for 
resistor 23. This substitution can reduce the number of components, so that a 
further downsized motor drive inverter control apparatus is obtainable. This 
appgiratus can prevent respective driving elements from degrading caused by 

10 an over-voltage due to regenerative energy. 

The energy stored in second capacitor 22 can be a power supply of control 
circuit 17, so that an efficient operation can be expected besides reducing the 
number of components. A still further downsized motor drive inverter control 
apparatus is thus obtainable. This apparatus can prevent respective driving 

15 elements from degrading caused by an over-voltage due to regenerative energy. 

Embodiment 2 

Fig. 5 shows a block diagram illustrating a motor drive inverter control 
apparatus in accordance with the second embodiment of the present invention. 

20 The same structural elements as those used in the first embodiment have the 
same reference marks and the detailed descriptions thereof are omitted here. 
In this second embodiment, resistor 23 used in the first embodiment is replaced 
with variable load 32 (hereinafter referred to as a variable resistor), and voltage 
sensor 31 is provided for sensing a voltage of second capacitor 22. 

25 An operation of the foregoing motor drive inverter control apparatus in 

accordance with the second embodiment is demonstrated hereinafter. First, 
when regenerative energy is not available, namely, when voltage sensor 31 
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senses a voltage across second capacitor 22 be lower than the peak value of AC 
power supply 11, variable resistor 32 is set at a value where the min. energy is 
consumed (in other words, variable resistor 32 is set at a greater value), so that 
the energy is consumed as little as possible. 
5 Then the regenerative energy is produced, and voltage sensor 31 senses 

the voltage across second capacitor 22 exceed the peak voltage of AC power 
supply 11. In this case, variable resistor 32 is set at a value where a large 
amount of energy is consumed (in other words, variable resistor 32 is set at a 
smaller value), thereby consuming the regenerative energy quickly. 

10 Variable resistor 32 can be formed of plural resistors coupled in series or 

in parallel, and those resistors can be shorted or opened by a switching element 
such as a transistor for changing a resistance value in response to a voltage 
sensed by voltage sensor 31. Variable resistor 32 also can employ a variable 
resisting element such as a varistor, which decreases its resistance as the 

15 voltage increases. 

As discussed above, the motor drive inverter control apparatus in 
accordance with this second embodiment comprises the following elements- 
rectifier circuit 12 for rectifying the AC power supplied from AC 
power supply 11 into DC power; 

20 inverter 14 for converting the DC power obtained by rectifier circuit 

12 into AC power; 

motor 15 for receiving the AC power obtained by inverter 14; 
first capacitor 13 hooked up between DC bus Hnes of inverter 14 and 
having extremely small capacitance; 

25 second capacitor 22 coupled in parallel to first capacitor 13 via diode 

21; 

variable resistor 32 coupled in parallel to second capacitor 22; and 
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voltage sensor 31 for determining a value of variable resistor 32. 
The foregoing structure allows consuming energy in response to a voltage 
across second capacitor 22, so that second capacitor can have small capacitance. 
As a result, the motor drive inverter control apparatus can be further 
5 downsized, and the advantage of preventing respective driving elements from 
degrading caused by an over-voltage can be maintained. 

Control circuit 17, which is essential to drive inverter 14, can incorporate 
variable resistor 32 and voltage sensor 31 in itself, thereby reducing the 
number of components. As a result, the motor drive inverter control apparatus 
10 can be further downsized, and the advantage of preventing respective driving 
elements from degrading caused by an over-voltage can be maintained. 

On top of that, second capacitor 22 offers its energy as a power supply of 
the control circuit, so that the inverter control apparatus can be still further 
downsized and becomes more efficient. Use of motor 15 for driving a 
15 compressor of a refrigerating or an air-conditioning system such as a condenser, 
a decompressor, and an evaporator allows obtaining a compact refrigerating or 
an air-conditioning system which can prevent its driving elements from 
degrading caused by an over-voltage due to the regenerative energy. Use of 
motor 15 for driving a blower allows obtaining a compact blowing system which 
20 can prevent its driving elements from degrading caused by an over-voltage due 
to the regenerative energy. 

Industrial Applicability 

The motor drive inverter control apparatus of the present invention has 
25 the following mechanism- an AC power supply is rectified by a rectifier circuit 
and smoothed by a small capacitive first capacitor, and a second capacitor 
absorbs regenerative energy produced at a slowdown or a halt of the motor. 
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This mechanism prevents respective driving elements from degrading caused 
by an over" voltage. On top of that, the second capacitor has few ripples, so 
that there is no need to worry about degradation due to the heat by ripples, and 
an inexpensive electrolj^ic capacitor can be used. As a result, a compact and 
5 inexpensive motor drive inverter control apparatus is obtainable, and the 
apparatus can be employed for driving a compressor or a blower of a 
refiigerating or an air-conditioning system. 



